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A prospective study of the fate of venous leg
perforators after varicose vein surgery
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Josie Macfarlane, BSc (Hons), and Ian Thomson, MB ChB, FRACS, Dunedin, New Zealand
Objective: To describe the fate of perforator veins after surgical treatment of varicose veins and factors that influence this.
Methods: This prospective study of 104 patients assessed perforator veins by using duplex ultrasound scanning in 145
limbs before superficial vein surgery for varicose veins. Veins were marked preoperatively with ultrasound guidance and
ligated with an open procedure; those missed were later treated with sclerotherapy. Duplex ultrasound scans and air
plethysmography were used to confirm surgical success within 1 month and to monitor recurrence at 6 months, 1 year,
and 3 years.
Results: A total of 850 incompetent perforators were treated, but 5.7% were missed and required further ablation. After
3 years, 75.8% of the limbs had developed further incompetent perforators for a total of 380 incompetent perforators.
The number of ultrasound-detectable competent perforators had also increased from 356 to 1047 in that time. The
incompetent perforators arose by (1) new vessel formation at the site of previous ligation in 152 (40.4%), (2) changes in
pre-existing perforator vessels at other sites in 225 (59.2%), and (3) vessels missed at treatment (<1%). The diameter of
the neovascular channels (3.0  1.0 mm) was greater than the other incompetent perforators (2.7  1.0 mm; P< .001).
The anatomic distribution of the neovascular recurrences was also different, with 63% found in the paratibial region. The
number of new incompetent perforators in a limb was associated with the clinical and physiologic severity of venous
disease before surgery, but not to body mass index, gender, or age (P < .01).
Conclusion: This study shows that incompetent perforator recurrence after surgery is far more common than previously
recognized and is primarily due to either neovascularization of previously ligated perforators or the development of
incompetence in newly detected perforators in association with persistent venous disease rather than due to poor surgery.
(J Vasc Surg 2005;42:1156–62.)The role of the perforator veins in the cause and man-
agement of varicose veins and venous insufficiency contin-
ues to be debated despite significant research and clinical
experience. One particular debate is when surgery is per-
formed, should the incompetent perforator be ligated or
should it simply be left in anticipation that it will revert to a
competent state?1-4 Whatever the correct approach, there is
no doubt that incompetent perforators recur after treat-
ment and that more incompetent perforators mean worse
disease severity.1
Unfortunately, little is known about the frequency and
origin of “recurrent” perforators. Are these previously
competent perforators or missed incompetent perforators,
or are they possibly the result of neovascularization?5 Un-
derstanding this would provide better insights for prevention.
In the past, the invasive methods of venography did not
permit serial evaluation of recurrence; this is nowpossiblewith
detailed, meticulous, ultrasound assessment.5-7
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1156The aim of this prospective observational study was to
determine the causes of perforator recurrence after varicose
vein surgery and its relative importance.
METHODS
All patients between the ages of 20 and 75 years re-
ferred to the vascular laboratory for venous assessment
before varicose vein surgery were invited to participate in a
larger prospective study of the long-term outcomes of
varicose vein surgery. Patients unable to attend follow-up
and those with obstructed venous outflow were excluded.
Written consent was obtained. The study was approved by
the institutional ethics review committee.
This study is an analysis of the perforator veins in the
first 104 consecutive patients (145 limbs) who gave in-
formed consent and then had venous surgery. All major
varicosities and incompetent perforators were marked pre-
operatively by using duplex ultrasound. The surgery was
primarily for involved saphenofemoral junction ligation,
with stripping of the great saphenous vein to the level of the
knee, and avulsions of varicosities. Ligation of all incompe-
tent perforators was done in an identical fashion by short
incision directly over the marked sites and ligation at the
fascia. No subfascial endoscopic perforating vein surgery
was used.
Any incompetent perforators remaining after surgery
that had been previously identified were noted, and
ultrasound-guided sclerotherapy was offered to obliterate
these. Treatment was considered complete when all previ-
ously marked incompetent perforators were obliterated.
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tively, in addition to the vein-marking session, and postop-
eratively at 1, 6, 12, and 36 months. Venous assessment
included a full duplex ultrasound scan and physiologic tests
with air plethysmography as described previously.6 More
specifically, for the imaging of perforators, duplex ultra-
sound scanning was performed on an ATL 5000 using a
7-4 MHz/12-5 MHz linear array (Phillips Medical Sys-
tems) probe with color and spectral Doppler modalities.
Imaging of the groin and thigh veins was performed
with the patients in a 30° reverse position. Examination of
the popliteal and the calf veins was done with the patient in
the sitting position. All assessments for perforators involved
a 360° assessment of the calf, the medial aspect of the thigh,
and any segment of the thigh involving accessory varicose
veins. An incompetent perforatorwas defined as a perforator
that allowed either an outward flow or a bidirectional flow
to both distal and proximal augmentation of0.5 seconds.
Both color and spectral Doppler were applied to quantify
incompetence. The foot was not assessed during this study.
All physiologic and ultrasound assessment were performed
by experienced vascular technologists.
The locations of all perforators, both competent and
incompetent, were defined both by the vertical and hori-
zontal distance from an anatomic landmark: medial and
lateral malleolus, knee skin crease midline, and the superior
border of the patella midline. The locations of the incom-
petent veins only were subsequently confirmed by ultra-
sound and marked on the skin immediately preoperatively
to guide the surgeons.
The vessels of the deep and superficial system to which
the incompetent perforator connected were also described.
The diameter (mm) of all perforator veins wasmeasured at the
point where they crossed the fascia.7,8 The locations of the
perforators were also recorded according to the anatomic
Table I. Comparison of limbs preoperatively to limbs with
Preoperative (n 
Factors relatively unchanged by surgery
Previous surgery (%) 63 (43.4)
CEAP grades 1-3 (%) 85 (58.5)
CEAP grades 4-6 (%) 60 (41.5)
Deep reflux (%) 9 (5.8)
Factors improved by surgery
VFI (mL/s) 5.26  4.08
VFI 2 mL/s (%) 107/129 (81.6)
VFI 4mL/s (%) 62/129 (47.3)
Incompetent perforators per limb 5.8  2.9 [1
VFI, Venous filling index.
Data are represented as limbs affected (percentage of limbs in column), me
*Comparison with preoperative and 3-year incompetent limbs, P  .001.
†Comparison with preoperative and 3-year incompetent limbs, P  .001.
‡Comparison with preoperative limbs, P  .001.
§Comparison with preoperative limbs, P  .001.regions defined by Caggiati et al.9The definitions of the types of perforator for the pur-
pose of the study were:
● Original—any perforator noted at the preoperative
assessment.
● Obliterated—an incompetent perforator noted preop-
eratively and no longer present after treatment.
● Missed—a previously incompetent perforator remaining
at the 1-month assessment that had not been surgically
ligated. These were subsequently to be treated by sclero-
therapy.
● New—any perforator not previously seen at the pre-
surgical assessment.
● Recurrent—any perforator appearing at the site of
previous successful treatment defined as being within 1
cm of the obliterated perforator. These are attributed
to neovascularization.
● Absent—a perforator previously observed but no
longer identifiable.
The latter three types could be either competent or
incompetent.
All data were held in a Filemaker Pro 2.1 (Claris
Corp, Santa Clara, Calif) database created by the Vascu-
lar Laboratory, Department of Medical and Surgical
Sciences, Dunedin School of Medicine, University of
Otago. All statistical analysis was performed with Stat
View software (Berkeley, Calif). The Student’s t test was
used for continuous variables. The values are described
as mean  standard deviation (SD). Differences in pro-
portions were evaluated with the 2 test. Statistical sig-
nificance was assigned at P  .05.
RESULTS
There were 104 patients (68 female, 36 male; age,
53.0 10.6 years; body mass index [BMI], 28.3  5.9)






2 (5.7)* 61 (47.2)
27 (77.1)* 59 (53.6)
9 (22.9)* 51 (46.3)
2 (5.7) 7 (6.3)
1.4  0.9* 2.08  1.8‡
6/26 (23.1)† 43/103 (41.7)§
0/26 (0)* 13/103 (12.6)‡
0 3.4  2.3 [1-11]‡
tandard deviation, or (range).and
145)
-16]
an  swhose limbs had a spread of severity of venous disease features
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145 limbs, 1,206 perforators were identified, of which 850
were incompetent and targeted for surgical ablation. There
were 5.8  3.0 of these incompetent perforators per limb
(range, 1 to 16; median, 5) with a mean diameter of 3.50 
1.21 mm, (range, 1 to 12 mm; median, 3.2 mm). The total
number of incompetent perforators studied from limbs with
clinical CEAP class 1-3 and 4-6 was equal, although limbs
with more incompetent perforators had physiologically more
severe disease (Table II). Of the competent perforators re-
corded, these were fewer, at 356 (2.3  2.0/limb, range, 0
to 8; P  .005), had a smaller diameter (1.9  0.7 mm,
P  .001), and were distributed proportionally less in the
paratibial and medial gastrocnemius regions compared with
the incompetent perforators (Fig 1).
After surgery, 44 incompetent perforators had been
missed (4.7%), of which eight had become competent—a
surgical failure rate contributing to recurrence of 3.8%.
Sclerotherapy in those patients who agreed to this meant
that 841 incompetent perforators were obliterated (99%)
at the commencement of the longer-term follow-up
(Table III). The number of competent perforators had
diminished, of which some could no longer be seen (“ab-
sent perforators”), and two had become incompetent.
Even at this initial postoperative assessment, however, 30
new incompetent perforators were already apparent.
After 3 years, 576 (67.8%) of the ligated perforators
remained obliterated. In the intervening time from 6
months onward, a gradual reappearance of incompetent
perforators was noticeable at the sites of previous surgery
(Table III). The rate of this neovascular recurrence was
29.9%; but only 152 of 252 of these neovascular perforator
veins were incompetent; hence, the neovascular incompe-
tence rate after ligation was 17.8% at 3 years. This includes
incompetence after recanalization, also a form of neovascu-
larization, of 15 (41%) of 37 perforators closed by sclero-
therapy compared with 15% of those surgically ligated
(P  .01). As other incompetent perforators also appeared
during the same time, neovascular recurrence accounted
Table II. Comparison of disease severity in limbs with
six or more incompetent perforators preoperatively to








(n  78) P
Age (years) 52.8  9.9 52.8  10.9 NS
Body mass index 29.0  5.3 27.4  6.0 NS
CEAP (class 4-6) 32/67 28/78 NS
VFI (mL/s) 6.8  4.1 4.1  3.8 .0002
VFT (sec) 39.0  24.9 60.6  41.0 .0006
Ulcer index 129.1  115.9 256.4  569.2 .0001
Ejection volume (mL) 89.0  30.9 68.3  33.4 .0004
Venous volume (mL) 172.5  61.3 127.5  44.2 .0001
Residual volume (mL) 68.2  41.2 52.2  33.4 .02
NS, Not significant; VFI, venous filling index; VFT, venous filling time.for only 152 (40.4%) of all 376 incompetent perforators.The most prevalent incompetent perforators (58.8%)
were new incompetent perforators (Table IV). These newly
developing incompetent perforators were distant from the
surgical sites. Only a few were due to incompetence devel-
oping in competent perforators observed preoperatively;
most were due, presumably, to other competent perfora-
tors becoming incompetent with continuing venous insuf-
ficiency.
Development of incompetent perforators in a limb was
associated with onset of more severe venous reflux com-
pared with limbs in which no incompetent perforators had
arisen (Table I). Factors at the time of surgery, including
age, gender, side of limb, BMI, or the presence of deep
reflux did not predict the appearance of incompetent per-
forators. Previous varicose vein surgery (P .001), clinical
class (CEAP 4-6), and venous filling index (6.4 4.4mL/s
vs 3.7 2.9 mL/s, P .005) did predict the development
of incompetent perforators. None of these factors were
either predictive of or associated with the development of the
specific type of incompetent perforator, new or recurrent.
At the time of surgery, the diameter of the incompetent
perforators was substantially greater than at any other time
in the study (P .001). As new perforators developed, the
diameter of the competent ones was unchanged despite the
large change in numbers seen (Table V). The neovascular
recurrences had diameters that were significantly larger
than the new incompetent perforators, and they occurred at
sites where the incompetent perforators before surgery
were larger (Table V).
The anatomic distribution of the two major types of
new incompetent perforators was quite different (Fig 2).
Neovascular recurrence occurred predominantly in the
paratibial region (64%), whereas new incompetent perfora-
tors occurred there in only 35% (P .01). In contrast, new
incompetent perforators arose proportionately more in the
lateral leg (26% vs 11%, P  .01) (Fig 2). The regional
distribution of the new incompetent perforators was the
same as for the competent perforators both before surgery
(Fig 1) and at 3 years (not shown).
Also noted at the 1- and 3-year follow-up period was a
surprising increase in the number of competent perforators
(Table III), and correspondingly, the number of compe-
tent and incompetent perforators per limb increased. The
possibility of a time bias resulting from improving ultrason-
grapher expertise and equipment or a patient selection bias
was excluded by comparing the demographics and fre-
quency of perforators recorded in a cohort at the beginning
and at the end of the study. No significant bias was observed.
During the study, 2437 individual perforators were
identified. Despite careful documentation of location,
some perforators seen at one assessment could not be
located on the next. At the 3- year assessment, 450 perfo-
rators were absent. During the study, a small number of
perforators were competent at one assessment and incom-
petent at the next and vice versa. These were assigned the
status observed on the day and did not affect the overall
observations.
ibutio
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To our knowledge, this report presents, for the first
time, evidence that the phenomena of neovascular recur-
rence occurs after ligation of venous perforators in varicose
vein surgery and confirms that it is not unique to the
saphenofemoral junction. Recurrence occurred at the site
of ligation in 32.2% of perforators. We are confident that
these are at the same sites of ligation by careful repeated
measurement and by the appearance of scar tissue and
typical tortuosity.
Also, we took biopsies of these recurrent perforators
Fig 1. Comparison of anatomic distr
Table III. The progression of competent and
incompetent perforators in 145 limbs
Total Competent Incompetent
Preoperative 1206 356 850
1 month 379 313 66 (31*)
6 months 462 355 107
1 year 658 487 171
3 years 1427 1047 380
*Number after treatment with sclerotherapy.and observed the appearance of neovascular channels in thespecimens.5 Just as at other sites of venous surgery, neovas-
cular recurrence is much more common than previously
realized.5,10,11 This is not surprising, as angiogenesis is a
normal component of healing of the ligated perforator and
produces the focus for new vessel formation. These enlarge
to form new venous channels that reconnect the deep and
superficial venous systems.
These recurrent perforators occur predominantly in the
paratibial region on the medial aspect of the lower leg
(Fig 2). Most are incompetent (63%) and after 3 years,
these are larger than the incompetent new perforators,
suggesting that reflux through them is more severe. In situ
hemodynamic performance measurements, as described by
Delis et al,9 would be required to confirm this, however.
Not surprisingly, development of recurrence by neo-
vascularization was associated with worsening reflux and
clinical disease. Those incompetent perforators before sur-
gery that were larger and those in the paratibial location
were more likely to recur. The preoperative likelihood of
recurrence was greater in legs with severe clinical disease,
worse venous reflux, and more incompetent perforators.
This recurrence was also more common in the perforators
closed by sclerotherapy, and invariably, these neovascular
n of perforator veins before surgery.channels became incompetent. The numbers in this study
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is consistent with the lesser durability of sclerotherapy than
of surgery.12
The commonest incompetent perforators occurring
after surgery derived from pre-existing competent perfora-
tors (60%). A small proportion (1% to 2%) are from those
that were observed before surgery, but most arise from
pre-existing perforators not observed before surgery. These
two types of new incompetent perforator together are
characterized by being the most numerous (60% of all
incompetent perforators 3 years after surgery) and distrib-
uted in the leg in a general pattern similar to competent
perforators, are found away from sites of surgical activity,
and are smaller in diameter compared with neovascular
recurrence.
The other type of incompetent perforator is the one
missed in surgery. Despite detailed ultrasound assessment,
accurate preoperative marking, and experienced surgeons,
the surgical miss rate in this study was still significant at little
less than 5%. The configuration of vessels in the vicinity of
Table IV. The progression of incompetent perforators in
New
Original Not seen previously Seen com
Preoperative 850 —
1 month — 20
6 months — 47
1 year — 83
3 years — 209
*Number of the initial surgical failures not dealt with by sclerotherapy.
Table V. Comparison of diameter of types of perforators
preoperatively and at 3 years
Preoperative 3 Years
Competent perforators†
Total 1.9  0.7 1.8  0.6
n  356 n  1047
Incompetent perforators
Total 3.50  1.21* 2.79  0.96
(1.0-11.4) (0.9-7.8)
n  850 n  380
New — 2.65  0.88‡
(0.9-6.4)
n  225
Recurrent 3.9  1.4§ 3.02  1.01‡
(1.2-11.4) (1.1-7.8)
n  152 n  152
Surgically missed incompetent perforators at 3 years (3) are included only in
the total.
*Different to all other groups, P  .0001.
†Different to all incompetent groups, P  .0001.
‡Different to similarly marked groups, P  .0001.
§Diameter of those obliterated incompetent perforators that recurred by
3 years compared with those that did not recur P  .0001.incompetent perforators can be complex, and care in iden-tifying the entry through the fascia is critical. Factors con-
tributing to this failure include difference in position at
time ofmarking and at surgery as well as obesity of the limb.
Intraoperative ultrasound may reduce the miss rate.
A new and unexpected observation in this ultrasound-
based study was the increasing number of new competent
perforators appearing during the 3-year period after sur-
gery. Only a few perforators have been anatomically de-
scribed and labelled with eponyms.13,14 Similarly, with
standard ultrasound techniques, relatively few perforators
are detectible. In limbs with venous disease, only 2.9 per
limb with 55% incompetence in one report15— but as many
as 8.3 per limb and 70% incompetence as shown in this
study, using both a 12-5MHz linear array probe with color
and spectral Doppler modalities—bring the detection limit
down to 0.8 to 0.9 mm and a time-consuming protocol to
ensure a full leg scan.
In contrast, we know from detailed anatomic dissec-
tions that there may be as many as 60 perforators in the
normal lower limb.16 Therefor, many smaller venous per-
forators remain undetected by ultrasound because of their
size and competence.8,17-19 However, these same small
perforator vessels, as they enlarge and remodel under the
influence of changing venous hemodynamics, will become
detectable. It is our hypothesis that worsening venous
function and flow load on perforators are the cause of the
large increase in the number of new ultrasound-detectable
competent perforators observed in this study (2.5/limb
preoperative vs 7.1/limb at 3 years).
The increase in the number of new incompetent perfo-
rators observed in this study can also be understood with
this hypothesis. As further dilatation in some of the newly
detectable perforator veins occurs, incompetence will re-
sult. The relationship of perforator incompetence with
increasing size is well described1,8,17-20 The valves present
in these veins, of quite small size (down to 0.1-mm diam-
eter), become incompetent,21,22 and in those perforators
without valves, which normally allow to and fro flow,1,9,17-20
the “shutter effect” at the fascial interface becomes less
effective.23
This study has important limitations. Although ultra-
sound has been validated for guiding surgical intervention
with a sensitivity of 82% and specificity of 100% of predict-
limbs
Status











16ing the site of perforating veins at the medial side of the
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incompetent perforators.7 Our own experience in this
study has been comparable. Identifying each of the 2437
perforators and following these over several assessments
during the study was a demanding exercise. Localizations
are affected by technique, patient habitus, and posture.
Despite this, reproducibility was very good and best for
recurrence of ligated vessels, where scarring at the fascial
interface provided extra assistance.
The choice of criteria for assigning incompetence con-
tinues to be debated. It is further made difficult by the
realization that some normal competent perforators allow
both inward and outward flow.17 The primary aim of the
study was to observe what happened to ligated perforators,
however, and we considered the study design of ligating all
perforators with reflux time of 0.5 seconds, regardless of
size, served that purpose.
This report only describes events out to 3 years and
does not allow us to say whether the increase in numbers
Fig 2. Comparison of anatomic distributhad reached a plateau, nor whether more would becomeincompetent. Similarly, no comparisons could be made with
the natural history of untreated incompetent perforators.
This study highlights the frequency with which incom-
petent perforators develop after surgery and the predictors
of this are the same as for recurrence at the saphenofemoral
junction.4 The clinical relevance of this is that, as we have
shown, the more perforators, the worse the reflux and the
greater the clinical severity of the venous disease. For the
surgeon, this provides evidence for better informing pa-
tients about the possible later reappearance of varicose veins
after surgery and that this is less a matter of adequacy of
surgery and more a result of the underlying disease. Limbs
that do not develop recurrent incompetent perforators are
those having a first operation for mild disease (CEAP class
1-3) with modest reflux (venous filling index 4 mL/s).
The types of incompetent perforators that appear after
surgery also have clinical relevance in directing efforts to-
wards preventing recurrence. For the surgical approach,
minimal tissue disturbance should be aimed at reducing the
f incompetent perforator veins at 3 years.angiogenic response and neovascularization.24-26 The new
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tion are directed toward reducing neovascularization by
avoiding transecting veins. Similar intents to reduce perfo-
rator recurrence with subfascial endoscopic perforator ab-
lation, unfortunately, has not avoided recurrence.27
The most common postoperative incompetent perfo-
rators arise from pre-existing perforators with persistent
venous hemodynamic disturbance, and preventing this may
be a more difficult challenge. Fortunately, the least com-
mon incompetent perforator is the result of missed ligation.
Better imaging, mapping, and marking as well as intraop-
erative ultrasound provide scope for improvement.
Appreciation is given to the other contributing sur-
geons S. Packer, R. Pettigrew, and to Dr Greg Jones for
analytical support.
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